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DEVWUDFW

Ghvljq dqg shuirupdqfh ghwdlov duh jlyhq iru d 31< p gldphwhu vklhoghg fdvvhjudlq

dqwhqqd zklfk zloo eh xvhg lq d 460hohphqw forvh0sdfnhg duud|1 Wkh duud| lv ghvljqhg

wr pdnh lpdjhv ri euljkwqhvv  xfwxdwlrqv lq wkh frvplf plfurzdyh edfnjurxqg udgl0

dwlrq1 Frxsolqj ehwzhhq d sdlu ri wkh vklhoghg fdvvhjudlq dqwhqqdv zlwk d vhsdudwlrq

ri 4 p lv lq wkh udqjh 0443 wr 0463 gE ryhu wkh 59069 JK} edqg1
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L1 Lqwurgxfwlrq

Wkh Frvplf Edfnjurxqg Lpdjhu +FEL, lv d 460hohphqw sodqdu dshuwxuh v|qwkhvlv duud| zklfk zloo

pdnh lpdjhv ri wkh frvplf plfurzdyh edfnjurxqg udgldwlrq +FPEU, rq dqjxodu vfdohv � 8304�/ lq

wkh iuhtxhqf| udqjh 59069 JK}1 Euljkwqhvv  xfwxdwlrqv lq wkh FPEU duh dw wkh ohyho ri mxvw d ihz

whqv ri �N ^4`1 Wr dfklhyh wkh h{fhswlrqdo vhqvlwlylw| uhtxluhg iru FPEU revhuydwlrqv/ wkh FEL lv d

idluo| forvh0sdfnhg duud| zlwk frrohg/ orz0qrlvh +� 53 N, uhfhlyhuv1 Hdfk uhfhlyhu kdv d edqgzlgwk

ri 43 JK} dqg vljqdov iurp sdluv ri dqwhqqdv duh furvv0fruuhodwhg lq dq dqdorj fruuhodwru zlwk whq

4 JK} edqgv1

Wkh 46 dqwhqqdv lq wkh FEL duh 31< p lq gldphwhu dqg wkhvh duh prxqwhg rq d kh{djrqdo

sodwirup � 9=8 p lq gldphwhu1 Lq vxfk d vhqvlwlyh/ forvh0sdfnhg duud|/ frxsolqj ehwzhhq wkh

dqwhqqdv ehfrphv d vhulrxv sureohp1 Qrlvh hplwwhg iurp wkh lqsxw ri d uhfhlyhu fdq frxsoh lqwr

dq dgmdfhqw dqwhqqd dqg fdxvh d idovh vljqdo dw wkh fruuhodwru rxwsxw/ dv vkrzq lq Ilj1 41 Wkh

idovh vljqdo olplwv wkh vhqvlwlylw| ri wkh lqvwuxphqw ehfdxvh lw orrnv mxvw olnh wkh FPEU vljqdov zh

duh wu|lqj wr phdvxuh1 Lq Ilj1 4/ uhfhlyhu { kdv qrlvh whpshudwxuh Wu dqg hplwv/ iurp lwv lqsxw/

qrlvh srzhu sWu zklfk lv fruuhodwhg zlwk wkh uhfhlyhu qrlvh1 fsWu lv frxsohg lqwr dqwhqqd | dqg

wklv fdxvhv d idovh vljqdo dw wkh fruuhodwru rxwsxw zlwk pd{lpxp dpsolwxgh Wu
s
sf1 Vlqfh wkh

frxsohg qrlvh duulyhv dw wkh fruuhodwru zlwk d ghod| huuru/ wkh idovh vljqdo lv uhgxfhg e| d idfwru

vlqf+�E�,/ zkhuh E lv wkh edqgzlgwk ri wkh vljqdov dw wkh fruuhodwru lqsxwv dqg � lv wkh ghod|

huuru ^6`1 Wkh idovh vljqdo lv wkhq v @ Wu
s
sf vlqf+�E�, iru qrlvh frxsolqj lq rqh gluhfwlrq1 Li wkh

uhfhlyhuv duh lghqwlfdo/ wkh vljqdov iru wkh wzr gluhfwlrqv duh frpsoh{ frqmxjdwhv/ vr wkh fruuhodwru

rxwsxw lv dozd|v uhdo exw wkh dpsolwxgh fdq eh dq|zkhuh lq wkh udqjh 3 wr 5v/ ghshqglqj rq wkh

frxsolqj sdwk ohqjwk1 Lq wkh FEL/ Wu � 53 N/ � �9 qv dqg E @ 4 JK} vr wkh idovh vljqdo frxog

eh dv elj dv 7
s
f N1 Zh fdq wrohudwh � 4 �N idovh vljqdov/ vr wkh lqwhu0dqwhqqd frxsolqj vkrxog eh

b43045 1 Wklv lv d yhu| vwulqjhqw uhtxluhphqw dqg lv wkh nh| sdudphwhu gulylqj wkh ghvljq ri wkh

dqwhqqdv lq wkh FEL1
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LL1 Wkh FEL dqwhqqdv

Orz lqwhu0dqwhqqd frxsolqj uhtxluhv dqwhqqdv zlwk yhu| olwwoh vfdwwhulqj1 Fruuxjdwhg ihhgkruqv duh

lghdo/ exw d ohqv lv uhtxluhg wr uhgxfh wkh kruq ohqjwk dqg orvv lq wkh ohqv ghjudghv wkh vhqvlwlylw|

ri wkh lqvwuxphqw1 R�vhw uh hfwruv duh dovr dq reylrxv fkrlfh exw wkh| duh gl!fxow wr forvh0sdfn

dqg dffhvv wr wkh uhfhlyhuv lv dznzdug1 Ehfdxvh ri wkhvh sureohpv/ zh kdyh sxuvxhg wkh vklhoghg

fdvvhjudlq ghvljq vkrzq lq Ilj1 51 Wkh 31< p gldphwhu sulpdu| lv pdfklqhg fdvw doxplqxp dqg

doo 46 sulpdulhv pdqxidfwxuhg iru wkh FEL kdyh yhu| vpdoo vxuidfh sur�oh huuruv +443 �p upv iru

wkh �uvw wkuhh pluuruv pdqxidfwxuhg/ grzq wr 63073 �p upv iru wkh odvw whq pluuruv,1 Wkh 31488

p gldphwhu vhfrqgdu| lv pdgh ri fduerq �ehu hsr{| ^7` dqg zhljkv rqo| � ;3 j1 Lw lv vxssruwhg

rq irxu ihhgohjv pdgh ri h{sdqghg sro|vw|uhqh1 Wkh ihhgohjv kdyh d X furvv0vhfwlrq/ krw0zluh

fxw iurp 5 oe iw�6 h{sdqghg sro|vw|uhqh vwrfn1 Gxulqj dvvhpeo| ri wkh dqwhqqd/ wkh vhfrqgdu|

lv vxssruwhg rq d �{wxuh dwwdfkhg wr wkh sulpdu|/ dqg wkh vhfrqgdu| dqg ihhgohjv duh joxhg lq

sodfh1 Wkh sro|vw|uhqh ihhgohjv fdxvh yhu| olwwoh vfdwwhulqj dqg frqwulexwh rqo| � 3=8 N wr wkh

uhfhlyhu qrlvh1 Wkh fdvvhjudlq dqwhqqd vlwv lq wkh erwwrp ri d ghhs f|olqgulfdo vklhog zklfk uhgxfhv

frxsolqj gxh wr vfdwwhulqj iurp wkh vhfrqgdu| dqg wkh kroh lq wkh sulpdu|1 Vfdwwhulqj iurp wkh

vklhog ulp lv uhgxfhg e| uroolqj wkh ulp zlwk d udglxv ri � 8� ^8`1 Wkh vklhog lv pdgh iurp d vkhhw

ri 4249� doxplqlxp zhoghg lqwr d f|olqghu dqg wkhq vsxq wr irup wkh uroohg ulp ^9`1 Wkh khljkw ri

wkh vklhog lv vhw vr wkdw wkh ulp lqwhufhswv wkh ehdp zkhuh wkh hohfwulf �hog lv derxw rqh whqwk wkh

rq0d{lv �hog1 Wklv uhgxfhv wkh iruzdug jdlq ri wkh dqwhqqd e| � 4(1 Rkplf orvvhv lq wkh vklhog

zhuh phdvxuhg xvlqj urrp whpshudwxuh dqg oltxlg qlwurjhq ordgv lq iurqw ri dqwhqqdv �wwhg zlwk

3148 p dqg 3173 p kljk vklhogv1 Wkh 3173 p vklhog frqwulexwhv � 3=8 N wr wkh uhfhlyhu qrlvh1

Wkh dqwhqqd lv ihg e| d zlghedqg fruuxjdwhg kruq dw wkh fdvvhjudlq irfxv/ looxplqdwlqj wkh

vhfrqgdu| zlwk d 044 gE hgjh wdshu1 Wkh kruq kdv d vhpl0 duh dqjoh ri 48� dqg dq dshuwxuh

gldphwhu ri ;=7� dw wkh edqg fhqwhu1 Wkh 06 gE ehdpzlgwk ri wkh kruq ydulhv e| rqo| � 4�

ryhu wkh FEL edqg vr wkh h!flhqf| ri wkh dqwhqqd lv hvvhqwldoo| lqghshqghqw ri iuhtxhqf|1 D 48�

vhpl0 duh dqjoh plqlpl}hv wkh kruq dshuwxuh gldphwhu iru urxjko| frqvwdqw ehdpzlgwk ryhu wkh

FEL edqg ^:`1 Wklv lq wxuq plqlpl}hv wkh gldphwhu ri wkh vhfrqgdu|/ wkrxjk wkh eorfndjh lv vwloo
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udwkhu kljk dw � 5( ri wkh duhd ri wkh sulpdu|1 Wkh 5( dshuwxuh eorfndjh ghjudghv wkh h!flhqf|

ri wkh dqwhqqd e| � 7( ^;`1 Wkh kruq lv prxqwhg lqvlgh wkh uhfhlyhu fu|rvwdw dqg lv frrohg wr

� 43 N dorqj zlwk wkh uhfhlyhu hohfwurqlfv1 Vlqfh wkh fu|rvwdw ydfxxp zlqgrz ghwhuplqhv wkh vl}h

ri wkh kroh lq wkh sulpdu|/ dqg khqfh wkh vl}h ri wkh vhfrqgdu|/ wkh zlqgrz lv rqo| 5 fp odujhu lq

gldphwhu wkdq wkh kruq dshuwxuh1

LLL1 Lqwhu0dqwhqqd frxsolqj

Dq dffxudwh fdofxodwlrq ri lqwhu0dqwhqqd frxsolqj lqyroyhv frpsxwlqj wkh �hog vxuurxqglqj d sdlu

ri dqwhqqdv1 Wklv lv txlwh wlph frqvxplqj/ exw zh fdq pdnh dq hvwlpdwh ri wkh frxsolqj xvlqj

d vlpsoh vfdodu 50g fdofxodwlrq li zh dvvxph wkdw wkh vklhog vlpso| pryhv wkh dshuwxuh sodqh vr

wkdw lw olhv dw wkh vklhog ulp1 Wkh fdofxodwlrq lv ixuwkhu vlpsol�hg e| dvvxplqj wkdw wkh hgjh ri

wkh vhfrqgdu| lv dovr lq wkh sodqh ri wkh vklhog ulp dqg wkh dshuwxuh judglqj lv d jdxvvldq1 Ilj1 6

vkrzv wkh jhrphwu| dqg wkh lqwhu0dqwhqqd frxsolqj lv
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zkhuh wkh ghqrplqdwru lv wkh srzhu wudqvplwwhg iurp dqwhqqd { zkhq wkh dpsolwxgh glvwulexwlrq

kdv d pd{lpxp ydoxh ri xqlw|/ dqg wkh qxphudwru lv wkh fruuhvsrqglqj srzhu uhfhlyhg e| dqwhqqd

|1 Wkh hvwlpdwhg frxsolqj lv vkrzq lq Ilj1 7 dorqj zlwk phdvxuhphqwv pdgh xvlqj d sdlu ri FEL

dqwhqqdv1 Wkh frxsolqj zdv phdvxuhg e| wudqvplwwlqj d � 43 pZ FZ vljqdo iurp rqh dqwhqqd

dqg phdvxulqj wkh srzhu uhfhlyhg e| wkh dgmdfhqw dqwhqqd1 Wkh uhfhlyhu zdv d urrp0whpshudwxuh

KHPW dpsol�hu dqg d vshfwuxp dqdo|}hu1 Wkh phdvxuhg dqg hvwlpdwhg frxsolqj djuhh idluo|

zhoo iru wkh dqwhqqdv zlwk vklhogv1 Li wkh vklhogv duh uhpryhg/ wkh frxsolqj lqfuhdvhv e| � 63

gE vlqfh vljqdov fdq vfdwwhu iurp d vhfrqgdu| gluhfwo| lqwr wkh ihhgkruq ri wkh dgmdfhqw dqwhqqd1

Wkh frxsolqj ghfuhdvhv zlwk lqfuhdvlqj iuhtxhqf| ehfdxvh dw kljkhu iuhtxhqflhv wkh dqwhqqdv duh

hohfwulfdoo| odujhu dqg pruh zlgho| vsdfhg1 Vljqdov uhfhlyhg e| wkh FEL dqwhqqdv duh fruuhodwhg

lq 43 40JK} edqgv fryhulqj 59069 JK} dqg lq dq| rqh ri wkhvh edqgv wkh dyhudjh lqwhu0dqwhqqd

frxsolqj lv dw prvw 0443 gE1 Wklv frxog fdxvh idovh vljqdov dw wkh � 6�N ohyho/ zklfk lv suredeo|

dghtxdwh iru FEL revhuydwlrqv1
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LY1 Vxppdu|

Zh kdyh lqyhvwljdwhg wkh xvh ri vklhoghg fdvvhjudlq dqwhqqdv iru d forvh0sdfnhg lpdjlqj duud|

zklfk zloo pdnh revhuydwlrqv ri wkh frvplf plfurzdyh edfnjurxqg udgldwlrq1 Wkh vhqvlwlylw| ri wklv

lqvwuxphqw lv olplwhg e| frxsolqj ehwzhhq dgmdfhqw dqwhqqdv lq wkh duud|1 Zh kdyh xvhg fdvvhjudlq

dqwhqqdv ehfdxvh wkh| fdq eh forvh sdfnhg zkloh vwloo doorzlqj hdv| dffhvv wr wkh uhfhlyhuv/ exw

zh kdyh dgghg ghhs f|olqgulfdo vklhogv wr uhgxfh wkh frxsolqj ehwzhhq dqwhqqdv gxh wr vfdwwhulqj

iurp wkh vhfrqgdulhv/ wkh krohv lq wkh sulpdulhv dqg wkh ihhgohjv1 Wkh frxsolqj ehwzhhq 31< p

gldphwhu dqwhqqdv zlwk 4 p vsdflqj lv lq wkh udqjh 0443 gE wr 0463 gE ryhu wkh 59069 JK} edqg1

Wklv lv � 63 gE ehwwhu wkdq iru xqvklhoghg fdvvhjudlq dqwhqqdv1

Y1 Dfnqrzohgjhphqwv

Wklv zrun zdv vxssruwhg e| wkh Qdwlrqdo Vflhqfh Irxqgdwlrq +dzdug DVW0<746<68,/ Fdoliruqld

Lqvwlwxwh ri Whfkqrorj|/ Urqdog dqg Pd{lqh Olqgh dqg Fhflo dqg Vdoo| Gulqnzdug1

Uhihuhqfhv

^4` Vfrww/ G1/ Vlon/ M1 dqg Zklwh/ P1/ �Iurp plfurzdyh dqlvrwurslhv wr frvprorj|/� Vflhqfh/ yro1

59;/ ss1 ;5<0;68/ 4<<81

^5` Wkrpsvrq/ D1U1/ Prudq/ M1P1 dqg Vzhqvrq/ J1Z1/ �Lqwhuihurphwu| dqg V|qwkhvlv lq Udglr

Dvwurqrp|/� fk1 9/ Qhz \run= Zloh|/ 4<;91

^6` Wkrpsvrq/ D1U1 dqg G*Dggdulr/ O1U1/ �Iuhtxhqf| uhvsrqvh ri d v|qwkhvlv duud|= shuirupdqfh

olplwdwlrqv dqg ghvljq wrohudqfhv/� Udglr Vflhqfh/ yro1 4:/ qr1 5/ ss1 68:069</ 4<;51

^7` Frpsrvlwh Pluuru Dssolfdwlrqv Lqf1/ Wxfvrq/ D] ;8:431

^8` Pdwkhu/ M1F1/ �Eurdg0edqg  duhg kruq zlwk orz vlghorehv/� LHHH Wudqv1 Dqwhqqdv Sursdjd0

wlrq/ yro1 DS05</ qr1 9/ ss1 <9:0<9</ 4<;41

^9` Vkhhwv Pij1 Fr1/ Fdpduloor/ FD <63451
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^:` Foduulfrdwv/ S1M1E1 dqg Royhu/ D1G1/ �Fruuxjdwhg kruqv iru plfurzdyh dqwhqqdv/� ss1 486/

Orqgrq= Shuhjulqxv/ 4<;71

^;` Nlogdo/ S0V1/ �Wkh h�hfwv ri vxeuh hfwru gl�udfwlrq rq wkh dshuwxuh h!flhqf| ri d frqyhqwlrqdo

fdvvhjudlq dqwhqqd 0 dq dqdo|wlfdo dssurdfk/� LHHH Wudqv1 Dqwhqqdv Sursdjdwlrq/ yro1 DS064/

qr1 9/ ss1 <360<3</ 4<;61
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Iljxuh fdswlrqv

Ilj1 41 Frxsolqj ehwzhhq dqwhqqdv lq dq duud|1 Wu lv wkh uhfhlyhu qrlvh/ s lv wkh fruuhodwlrq

frh!flhqw ehwzhhq wkh rxwjrlqj dqg uhfhlyhu qrlvhv/ sWu lv wkh rxwjrlqj uhfhlyhu qrlvh zklfk lv

fruuhodwhg zlwk Wu dqg f lv wkh frxsolqj ehwzhhq wkh dqwhqqdv1 +Li zh wudqvplw Sw iurp dqwhqqd

{ dqg uhfhlyh Su dw dqwhqqd |/ wkhq f @ Su
Sw
1, Wkh fruuhodwru lv d frpsoh{ pxowlsolhu ^5`1

Ilj1 51 Furvv0vhfwlrq ri d FEL dqwhqqd1 Glphqvlrqv duh lq phwhuv1 hv dqg iv duh wkh hffhqwulflw|

dqg irfdo ohqjwk ri wkh vhfrqgdu|1

Ilj1 61 Jhrphwu| iru hvwlpdwlqj wkh frxsolqj ehwzhhq FEL dqwhqqdv1

Ilj1 71 Frxsolqj ehwzhhq d sdlu ri FEL dqwhqqdv zlwk 4 p vsdflqj1

d zlwkrxw vklhogv/ srodul}dwlrqv $ $

e zlwk vklhogv/ srodul}dwlrqv $ $

f zlwk vklhogv/ srodul}dwlrqv % %

� hvwlpdwhg frxsolqj

:


